A numerical analysis of microstrip meander delay lines is considered. Results of quasi-static and electromagnetic simulations are given. It is shown that when increasing a number of turns and proportionally reducing their length, distortions of a pulse signal in the line are reduced. At the same time, despite structure's electrical width increase, the agreement between the results of quasi-static and electromagnetic analyses is improved. Thus, it is demonstrated that when designing the microstrip meander delay lines with minimal distortions, the quasi-static analysis is relevant.
INTRODUCTION
Trends of modern electronics devices development (decrease in dimensions, increase in the upper frequency of signal spectrum, etc.) lead to increase in package density and to the need for signals asynchrony minimization. In this regard, delay lines, particularly in the form of a meander, as the simplest structure, are widely used. However, crosstalk arises, and it can distort waveform and reduce delay time of a pulse propagating in the line [1] . There are different approaches to crosstalk level reduction, for example, use of guard traces [2] , but it increases the area of meander lines. Meanwhile, it is often required to minimize the area of meander lines.
These factors lead to the need for numerical analysis of meander lines. Two approaches to the analysis are used: quasi-static and electromagnetic. The first approach is usually less consumptive but it is an approximation, as it is based on the telegraph equations, which are valid only for small electrical width of a structure. The second approach takes into account higher order modes but is more consumptive and requires more users' competencies [3] than the work with the quasi-static approach.
Electromagnetic analysis for one set of parameters of the microstrip meander delay line is presented in [4] . A similar analysis, but in the range of parameters, is made in [5] . Comparison between the electromagnetic and quasi-static analysis results and the experimental results obtained for the strip line is given in [6] . Comparison of the results obtained by three different numerical methods for one set of microstrip line parameters is presented in [7] . These studies did not investigate applicability of the quasi-static analysis for the case of electrically wide structures, in particular, when delay time and area of the meander microstrip line are defined and it is necessary to minimize distortions of the pulse signal. Meanwhile, such a research is very important for design process because it will help to optimize both parameters and analysis process of the meander delay lines. The aim of this paper is to fill this gap.
SIMULATION RESULTS
Simulation of the meander lines ( Fig. 1) was executed in the CST MWS and TALGAT systems without accounting the losses in conductors and dielectrics. In the CST MWS the combination of perfect boundary approximation with the Finite Integration Technique is used [8] . The transient solver allows to make full-wave 3D analysis for structures of various complexities. The TALGAT system is based on method of moment and allows to make 2D quasi-static analysis. The algorithm implemented in the system allows to calculate all elements of moment matrix by fully analytical formulae only, avoiding the timeconsuming and approximate numerical integration. It can be useful for effective calculation of capacitive matrix of two-dimensional systems of various complexities [9] .
In the TALGAT system, the meander line structure was represented like N -conductor transmission line, with ends of the conductors connected respectively (see Fig. 2 ).
P. Orlov -T. Gazizov -A. Zabolotsky: COMPARATIVE ELECTROMAGNETIC AND QUASI-STATIC SIMULATIONS . . . Structures with N = 2 ; 4; 8; 16; 32, with the length (l ) of 20; 10; 5; 2.5; 1.25 mm were selected respectively. It allows to get electrically narrow and wide structures with a constant total length of conductors. The cross section of the analyzed structure is shown in Fig. 1a . Its parameters are: conductors thickness (t) -35 µm, conductors width (w ) -50 µm, distance between conductors (s) -50 µm, dielectric material (ε r = 3.8 ); thickness (h) -2 mm). These parameters were chosen in such a way that a high level of electromagnetic coupling is generated between the half-turns, which maximizes the pulse distortions in Fig. 3 . Signal propagation delays at "0.5" level are presented in Tab. 1.
CONCLUSIONS
From these results it is clear that the waveform of the signal is subjected to distortions caused by electromagnetic coupling between the half-turns. However, the results of quasi-static and electromagnetic analysis showed good agreement: delays difference does not exceed 10%, and only in case of N = 2 it equals to 40 % due to the difference of the near end crosstalk levels, that may be caused by neglect of edge effects at the ends of the halfturns in quasi-static analysis. For the upper frequency of signal spectrum (10 GHz) the wavelength in vacuum equals to 3 cm and with the dielectric it is somewhat smaller. When N = 32 , structure width (3.25 mm) is more than 0.1λ, which can lead to incorrect results of quasi-static analysis. However, these results show the overall coincidence of quasi-static and electromagnetic analysis that allows us to conclude the correctness of the quasi-static analysis for structures of this type. It is worth noting, that with the same total length of lines the structures with larger N give smaller waveform distortions.
Thus, a quasi-static analysis can be successfully used in the design of meander lines. This is especially important at the stage of optimization that requires repetitive calculations.
